Ocimum viride (family: Lamiaceae) is a medicinally important aromatic plant that grows widely in north western Himalayan range of Indian subcontinent. Essentials oils (EOs) and purified aromatic compounds derived from plants of genus Ocimum have long been used in traditional system of medicine to treat various chronic disorders. In this study we made an attempt to assess the chemical composition of essential oil (EO) obtained from Ocimum viride for potential antimicrobial and anticancer properties. Gas chromatography-mass spectrometry (GCMS) analysis revealed that EOs of aerial parts (leaves) of Ocimum viride contain high amounts of oxygenated monoterpenes, thymol and gamma terpinene. Notably, thymol (~50%) and γ-terpinene (~18%) were identified as the most abundant components of the oil. EOs showed most prominent antibacterial effect against Bacillus subtilis and in silico molecular docking analyses of antibacterial action against bacterial cell wall of Bacillus subtilis showed interaction of thymol with Sec A protein of Bacillus subtilis (binding energy of -15 kcal/mol) with active site Lys284, Trp275, Leu269, Arg19, Glu277, pro270. While, in vitro cytotoxic effect of EO against six human cancer cell lines showed maximum effect with IC 50 value of ~0.034 ± 0.001μL/ mL against HT-29 colon cancer cell line. DNA fragmentation analysis and cell cycle analysis revealed that EO inhibits the growth of HT-29 colon cancer cells probably through induction of unrepairable DNA damage and subsequent cell death. Taken together, our results indicate that EO possesses potent antimicrobial and anticancer properties, and may find applications in bacterial growth inhibition and cancer therapeutics.
m×0.32mm i.d., 1μm film thickness). Injector temperature was maintained at 230°C. Oven temperature program used was holding at 60 °C for 5 min, heating to 250 °C at 3°C/min and keeping the temperature constant at 250 °C for 10 min. Helium was used as a carrier gas at a constant flow of 1.0 ml/min and an injection volume of 0.20 μL was employed. The MS scan parameters included electron impact ionization voltage of 70eV, a mass range of 40-500 m/z.
The identification of components of the essential oil was based on comparison of their mass spectra with those of NIST05 (version 2.0) library.
Antibacterial activity assay
The antibacterial activity of leaf essential oil was determined by agar well diffusion method [19] . The bacterial isolates were first grown by streaking on a nutrient agar plate and incubated for 24 hours at 37 °C before use. Cell suspension was prepared by dissolving loop full of culture from the culture plate in autoclaved nutrient broth. Four wells were then bored into each agar plate using a sterile 5 mm diameter cork borer and filled with 20μl solution of 1μL/mL essential oil. Plates were incubated at 37 °C for 24 hours and later observed for zones of inhibition. The effect of EO was compared with that of positive control chloramphenicol to determine the sensitivity of bacterial growth. Each sample was used in duplicate for determination of antibacterial activity.
Molecular docking studies
Protein structures were retrieved from RCSB PDB in .pdb text format and various possible binding sites for thymol were predicted from COACH server. PyMOL, a molecular visualization tool, was used to identify desired protein sequences in the target protein for binding affinities with thymol. Different analogs of thymol were also searched in ZINC database and analysed for their potential to bind Sec A protein. The structure of thymol was retrieved from the Zinc Database in .mol2 format. The drug-like property of thymol was measured using Lipinski filter. The protein and ligand molecule were imported in Molegro Virtual Docker and visualized for drug interaction sites by using Molegro visualise.
Cytotoxicity assay
Cytotoxic effect of EO against human cancer cell lines was measured by tetrazolium-based colorimetric assay which measures the reduction of the tetrazolium salt MTT (3-[4,5dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) into a blue formazan product, mainly by the activity of the mitochondrial cytochrome oxidase and succinate dehydrogenase [20] .
100 μL of cells suspension were plated at a density of approximate 2 ×10 4 cells per well in a 96-well plate, and were maintained at 37°C in a 5% CO 2 humid incubator for 24 hours. Different concentrations of EO were added to each group (triplicate wells) and were incubated for 24h, followed by addition of l0 μL (5mg/mL) of MTT dye solution to each well for 4 hours. After removal of the unused MTT dye, cells were treated with 100 μL DMSO and the absorbance at 570 nm was measured using ELISA reader. The cytotoxicity was calculated relative to the control (treated with 0.1% DMSO) and expressed as the concentration of drug inhibiting cell growth by 50% (IC 50 ). All tests were run in triplicates.
DNA fragmentation analysis
HT-29 colon cells after treatment with different concentrations of essential oil (0.1 µL/mL) for 24h were centrifuged at 1500 rpm for 10 min and washed with Dulbecco's PBS. The resultant cell pellet was suspended in 250 μL of lysis buffer (10mM EDTA, 50mM Tris-HCl, 0.5% SDS). Lysed cells were then supplemented with proteinase-K (500µg/mL) at 55°C for 1h and followed by incubation with 200µg/mL DNAase-free RNase at 37 °C for 90 min. The DNA was extracted with 250 μL of phenol:chloroform:isoamyl alcohol (25:24:1) for 1 min and centrifuged at 12,000 rpm for 5 min. The aqueous phase was further extracted with chloroform: isoamyl alcohol (24:1) and centrifuged. DNA was precipitated from aqueous phase with 0.1 volume of 2M NaCl and 2.5 volumes of chilled ethanol and kept at 20 °C overnight. The precipitated DNA was centrifuged at 12,000 rpm for 10 min and dissolved in Tris-EDTA buffer (pH 8.0) and electrophoresed in 1.5% agarose gel at 50V for 90 min. The gel was photographed using Bio-Rad Gel documentation system [21] .
DNA cell cycle analysis
Cell cycle analysis was performed in accordance with the method reported earlier [22] . Colon HT-29 cells (10 6 cells/ml) in their exponential growing phase were dispended in a six well plate and maintained for 24 h in incubator. Cells were then treated with EO (0.1 µL/mL) and incubated for further 24 h. Cells were trypsnised, centrifuged and washed with PBS. Cells were fixed in 70% ethanol, washed with PBS and then incubated with propium iodide (PI; 25 µg/mL). RNA was removed using RNAase at 37°C for 30 min. The percentages of cells having the sub-G1 population were measured using BD-LSR flow cytometry equipped with blue (488 nm) excitation from argon laser.
Nuclear morphology analysis
Morphological changes of apoptotic cells were also examined using fluorescence microscopy. The HT-29 cells were treated with the 0.1µg/ml of the essential oil and further cells were harvested, fixed with absolute ethanol, and stained with Hoechst 33258 for 15 min at 37 °C. The cells were then visualized using fluorescence microscopy (Olympus 1x70, Tokyo, Japan) with UV excitation at 300-500 nm. Cells containing condensed and/or fragmented nuclei were considered to be apoptotic cells [23] .
Results

Chemical composition of essential oil
The light yellow essential oil was obtained by hydrodistillation of Ocimum viride aerial part with a yield of 0.81% (v/w). The chemical composition was analysed by GC-MS and result obtained are indicated in chromatogram as Figure 1 [1] . Majority of the detected compounds were terpenes in nature (Fig 1) among others, thymol (~50%), gamma-terpinene (~18%), and para cymene (~11%) were detected as the most abundant molecules. Other compounds such as alpha pinene, alpha thujene, sabinene, beta pinene, alpha terpinene, limonene, 4-thujenol, o-isopropenyl toluene, caryophyllene, bicyclo (5.3.0) decane, 2methylene, alpha guaiene, alpha panasinsen and caryophyllene oxide were also present in relatively small amounts.
Antibacterial activity
The antibacterial activity assay of the EO against five gram positive and five gram negative bacterial strains and obtained the results as shown in Table 1 ( Table 1) 
Molecular docking analysis
To understand the possible mechanism behind the antibacterial activity of EO against the bacteria Bacillus subtilis, we performed the molecular docking analysis of the major constituent in the essential oil, thymol against various bacterial proteins. It was found that thymol shows the best binding affinity with bacterial secA protein. Where, secA protein is an Fig 2) . Thymol can serve as a ligand for the drug target and in the future and can be optimized to form an improved antimicrobial drug.
In vitro cytotoxic activity
Colorimetric MTT assay was done to elucidate the cytotoxic potential of the leaf essential oil of O. viride with different concentrations (0.01-0.1µl / ml). A dose dependent inhibition by essential oil was observed with IC 50 values of 0.042±0.004µl/ml, 0.052±0.006µl/ml, 0.045±0.002µl/ml, 0.034±0.001µl/ml, 0.040±0.005µl/ml and 0.064±0.007µl/ml against prostate DU-145, liver HEP-2, neuroblastoma IMR-32 and colon HT-29, 502713, SW-620 respectively (Fig 3) . DMSO (0.02%, v/v), did not affect the cell growth when treated for the same time period. The cytotoxicity of essential oil was also determined using normal monkey kidney cell line (CV-1) and no significant cytotoxicity was observed (IC 50 -1.92µl/ml). The Monoterpenes have been reported to exert antitumor activities and suggest that these components are a good source of cancer chemopreventive agents [20] .
Cell cycle analysis
The cell cycle progression to different concentrations of essential oil was studied, by using PI staining method. The untreated colon HT-29 cells showed 7.69% of cells in the sub G1 phase (Fig 4a) . When treated with the essential oil of O. viride (0.1µl/ml), the HT-29 cell population in the sub G1 phase increased significantly up to 78.16% (Fig 4b) thereby
showing more cell death in the sub G1 phase. Drug camptothecin (1µM) was used as control to further validate our experiment (Fig 4c) .
Effect of essential oil on determination of morphological changes in HT 29 cells
Nucleic acid staining with Hoechst 33258 revealed characteristic apoptotic nuclei, that exhibited highly fluorescent condensed chromatin in cells treated with the essential oil ( Fig   5) . The morphological changes and cell death of HT 29 cells were observed at concentrations of 0.1µl/mL. Most cells were detached from the dishes, and cell rounding and shrinking occurred at the same concentration of the essential oil (Fig 5) .
DNA fragmentation assay
To understand whether the essential oil would induce apoptosis in HT 29 cell line we assessed the DNA fragmentation induction, a biochemical hallmark marker for the induction of apoptosis in vitro, we observed essential oil induced endonucleolytic DNA cleavage in a dose-dependent manner in genomic DNA isolated from colon HT-29 cells and efficient induction of apoptosis was observed at 0.1µl/ml of essential oil (Fig 6) .
Discussion
Development of effective therapeutic agents against cancer and infectious diseases remains
main concern till today and approaches are more focused towards the natural product drug discovery. Plant products are well known for the treatment of cancer and other diseases, among various categories essential oils recorded as complex mixture of secondary metabolites like monterpenes and sesquiterpenes and are reported to induce sensitive growth inhibition against microbes as well as against cancer cells [7] . Induction of apoptosis is a highly desirable goal for cancer control. Apoptosis regulators have been suitable targets for cancer therapy over several decades. The significant toxicity against microbes and cancer cell shown in our study by Ocimum viride may be due to the presence of the major compound thymol, a terpene, has been extensively explored as a potential antibacterial agent against many bacterial strains [26, 27, 28] . In addition, large number of other aromatic components mainly thymol, eugenol, cymene limonene etc., are also reported by other researchers [15] as well as from our studies from the essential oil of Ocimum viride, it is also possible that the component in lower percentage may also be involved in some type of synergism with other active or mojor compounds. Our analysis showed the highest sensitivity of the essential oil towards Bacillus subtilis pathogen (14±0.5mm) and to correlate the relation between the thymol content and its antibacterial activity as earlier reported by various research groups, in silico approach by molecular docking was carried out involving various bacterial proteins of B. subtilis that were docked with thymol to predict the best binding efficiency. The molecular Further there is still need to understand the detailed mechanism of action of essential oil against cell lines at both cellular and molecular level which can lead in the direction of more efficient and sustainable release of essential oil.
Conclusions
Ocimum viride essential oil was isolated from aerial part that were chemically analyzed and evaluated for antimicrobial and antiproliferative efficacy. Essential oil demonstrates antiproliferative efficacy against HT-29 colon cancer cell line via induction of apoptosis and potential antibacterial activity against Bacillus subtilis was also established by our studies.
The major compound identified as Thymol, gamma-terpinene, para cymene etc. Thymol was found to have appropriate binding energy with the bacterial sec A ATPase protein indicating the involvement of the membrane disruption for antibacterial activity. Overall, the data showed the importance of preliminary bioassays as a screening of the bioactive from plant products and in this study an essential oil from Ocimum viride established its importance as potential source of bioactive compounds. 
